Abstract
Introduction

38
White seabream (Diplodus sargus) is considered to be a promising new species to fish 39 farming in Southern Europe, having a high market price and demand (Pousão-Ferreira 40 et al., 2001 , Ozorio et al., 2006 , Santos et al., 2006 . It is also involved in restocking 41 programmes in the southern coast of Portugal, where landings decreased from 200.3 t to 42 75.2 t between 1987 75.2 t between and 2004 75.2 t between (Santos et al., 2006 . 43 44 Saavedra et al. (2006) reported some promising results of Diplodus sargus larvae 45 rearing, indicating a higher growth rate at the larval stage when compared to Sparus 46 aurata. However, when approaching the juvenile stage, a decrease on the growth rate 47 studies suggest that the nutritional composition of the diet may play an important role in 50 the frequency of skeletal deformities (Cahu et al., 2003) and the deficiency of some 51 amino acids may increase this percentage (Akiyama et al., 1986) . Skeletal deformities 52
can have an economical impact as they can affect both size and shape of the fish 53 therefore decreasing their economical value (Favaloro and Mazzola, 2000; Boglione et 54 al., 2001) . They can also make commercialization difficult as the consumers tend to 55 choose fish with standard shape (Koumoundourous et al., 1997 , Boglione et al., 2001 . 56
57
Ten amino acids (AA) are considered indispensable for normal fish growth (Wilson, 58 1989 ) and the AA profile of the diet affects larval growth (Conceição et al., 2003) . In 59 order to maximize larval growth rate the AA profile of the diet should be as close as 60 possible to the larval AA requirements (Akiyama et al., 1995 , Conceição et al., 2003 . 61
In fact, juvenile rainbow trout, in presence of several AA diets, selected preferentially 62 balanced diets (Yamamoto et al., 2000) . Balanced diets increase protein synthesis as 63 well as decrease nitrogen excretion (Aragão et al., 2004a) . 64
65
Manipulation of rotifers and Artemia AA profiles is difficult (Aragão et al., 2004b) and 66 a balanced AA diet can be better achieved using a microencapsulated feed. However, 67
weaning Sparidae larvae in early stages can compromise survival and growth as there is 68 still a high dependence on live feed (Yúfera et al., 1996, Fernández-Díaz and Yúfera, 69 1997) . Yúfera et al. (1999 Yúfera et al. ( , 2002 have developed cross-linked casein-walled capsules 70 and showed this type of microencapsulated diet was able to substitute with some 71 success live food in Sparus aurata early larval stages. During the first feeding days a 72 microencapsulated diet used in co-feeding with rotifers can increase the enzymaticml) and Artemia metanauplii (0.25/ ml), enriched with Rich (Rich®, Greece) from 17 124 DAH until the end of the experiment. Twice every day Tetraselmis spp. and Isochrysis 125 galbana was added to the tanks in order to obtain an average concentration of 18 x 10 3 126 and 82x 10 3 cells/ ml, respectively. 127
128
The feeding protocol for balanced and unbalanced diet treatments was the same as the 129 control until the 11 DAH. From 12 to 14 DAH the live food was cut to half of the 130 control and afterwards Brachionus plicatilis and Artemia were only given at 10% of the 131 control. Microencapsulated diets were introduced at 8 DAH. From 8 to 10 DAH 0.5 g 132 was given to each tank, at 11 and 12 DAH 1 g was given and from 13 to the end of 133 experiment 1.5 g. The micro encapsulated diets were provided to the fish larvae by hand 134 during the day at 10 am, 12 am, 3 pm and 6 pm and in during the night by a automatic 135 feeder at 9 pm, 3 am and 9 am. Before given to the larvae, the micro encapsulated diets 136 were quickly hydrated in 100 ml of fresh water and then spread around the tanks. Being 137 hydrated, the microencapsulated diets remained at the surface for a shorter period and 138 then settled at the bottom. Bottom water was hand flushed three to four times a day. 139
The automatic feeder was equipped with a plastic tube and a water inlet in order for the 140 hydration to occur. 141
142
Ammonia excretion 143 spherical glass vials for two hours. Trials were performed both in fasted larvae (about 145 12 hours after last meal) and in fed larvae (about 4 hours after feed addition to tanks). 146
The vials were filled with oxygen saturated sea water and sealed without any air 147 bubbles. Two replicates from each tank were used (five replicated per treatment) as well 148 as three blanks per treatment. Trials were carried out at a temperature of 19 ºC and 38 149 g/l salinity. When trials were finished, larvae were rinsed in distilled water and frozen 150 for dry weight determination. The sea water was filtered, 20 μl of sulphuric acid 25% 151 was added and then frozen in 20ml plastic flasks for ammonia quantification. Ammonia 152 concentration was determined according to Berthelot (Grasshoff, 1983 
Results
202
Amino acid profiles of the diets presented the expected results, a balanced diet with a 203 higher level of indispensable amino acids and an unbalanced diet with higher 204 dispensable amino acid proportion (table 3) . 205 206 When larva AA profiles are compared to AA profiles of rotifers, balanced and 207 unbalanced microencapsulated diets, a higher similarity is observed between larva and 208 the balanced diet (Fig 1) . This is especially evident for arginine, cysteine and valine 209 (Fig 1) . The unbalanced diet also seems to have a closer AA composition to the larvae 210 than the control. 211 212 Survival rate was significantly higher in the control group (F 2,6 =13.8, p=0.006), almost 213 the double of balanced and unbalanced diet groups (table 4). Growth rate was 214 approximately the same between treatments, both from 8 to 15 days after hatchinglarval dry weight between treatments. 217 218 Larval guts were observed with a binocular microscope during the first eight days of 219 microencapsulated diet introduction and an increase in the number of larvae with 220 microcapsules in their digestive tract was found (Fig. 2) . At the beginning, the 221 percentage of larvae with micro capsules in the gut was approximately 20 % whereas 222 towards the end the proportion increased up to 90% (Fig. 2) . It was also possible to 223 observe that most larvae gut ranged from half-full to full and larvae were able to 224 disintegrate the microencapsulated diet. 225 226 Significant differences were found for all fatty acids except for total saturated fatty 227 acids (SFA) (table 5). Larvae from control and balanced diets presented significant 228 differences for the arachidonic acid (ARA) (F 2,24 =4.1, p‹0.001). For 229 eicosapentaenoicacid (EPA) as well as docosahexaenoic acid (DHA), larvae presented 230 significant differences between control diet and both balanced and unbalanced diets 231 ((F 2,24 =104.6, p‹0.001) and (F 2,24 =127.4, p‹0.001), respectively) (table 5). Larvae from 232 control diet presented higher EPA levels and lower DHA levels when compared with 233 the inert diets. As a result, DHA/EPA ratios of larvae fed balanced and unbalanced diets 234 were three times higher than control. 235
236
The ammonia excretion was not significantly different between treatments in fasted 237 larvae (Fig. 3) . However, when larvae were fed significant differences were found 238 between control and balanced diet treatments (F 2,6 =9.1, p=0.02). Balanced diet seems topresent almost no difference between fed and fasted larvae and registered the lowest 240 ammonia excretion of all treatments. 241 242 At 15 DAH the proportion of deformed larvae was lower than 5%, most of the observed 243 deformities were abnormal shape vertebrae (Fig. 4) . At 25 DAH the total frequency of 244 deformed larvae was approximately 40% in the control group, 30% in the unbalanced 245 diet group and 20% on the balanced diet group (Fig. 4) . A significant (F 2,6 =0.01, 246 p=0.04) high number of vertebrae fusions were found in the control treatment whereas 247 in the unbalanced diet group the highest frequency of skeletal deformity was vertebral 248 compression although not significantly different. Lordosis was found in control and 249 unbalanced diet groups but none in the balanced diet group (Fig. 4) . 250 251
Discussion
252
The substitution of live feed by a compound diet in most marine fish larvae is still 253 difficult and usually performed some weeks after hatching (Cahu and Zambonino 254 Infante, 2001) . In this study a casein microencapsulated diet was introduced at 8 DAH 255
and at 15 DAH the live feed was reduced to 10% of the control treatment. 256 257 D. sargus larvae acceptance of the microencapsulated diet was quite high achieving 258 almost 100% seven days after its introduction, meaning microencapsulated diet was 259 given in enough quantities and that larvae were able to ingest it. In previous trials, 260 capsules ingestion by larvae was difficult to achieve and only with a pre-hydration of 261 the microencapsulated diet was possible to observe active feeding. The supplementation 262 with free amino acids in the microencapsulated diet was reflected in the HPLC analysis12 indicating the expected losses during production and a successful incorporation of these 264 free amino acids. 265 266 D. sargus survival rate was higher in the control group which was an expected result as 267 first feeding larvae are commonly dependent on live feed. This difference in the survival 268 rate could be due to an adaptation phase to the microencapsulated diet where mortality 269 rates in the microencapsulated diet treatments were higher. Low success of weaning 270 marine fish larvae in early phases have been reported before (Kolkovski et al., 1997, 271 Cahu and Zambonino Infante, 2001) . A lower survival rate could suggest that the 10% 272 of live feed given to the larvae, after the introduction of microencapsulated diet, were 273 not enough to obtain a similar survival rate between dry and live feed treatments. ( Conceição et al., 2003) , and agrees with the higher nitrogen retention for a AA 292 balanced diet observed for Solea senegalensis using an in-vivo tube-feeding method 293 (Aragão et al., 2004a) . However, the lower nitrogen loss observed in larvae fed the 294 balanced diet did not reflect a higher growth rate. This may be explained by larvae fed 295 the unbalanced diets (microencapsulated and live fed control) compensating for the AA 296 imbalance through a higher feed intake or that AA were used for metabolic processes 297 other than growth. 298
299
Fish larvae have a high requirement of AA for energy (e.g., Rønnestad and Conceição, 300 2005). Therefore, it might be argued that AA imbalances will be negligible in larvae 301 feed a diet containing around 70% crude protein, as happened in the present study. Concerning fatty acids analysis, a similar pattern between larvae fed a balanced and an 311 14 because both diets had the same fatty acid constituents. For ARA and DHA the 313 microencapsulated diets presented higher larval percentages which were translated into 314 higher DHA/EPA ratios. This ratio is often used to measure eggs and larval quality 315 (Bromage and Roberts, 1995) . Larval fatty acid profiles also suggest that the 316 microencapsulated diets used in this study were more efficient in delivering the 317 essential fatty acid to the larvae than enriched rotifers and Artemia. A higher level of 318 DHA in the inert diet treatments could also explain the lower proportion of deformed 319 larvae in these groups. Some studies in milkfish evidence that dietary incorporation of 320 DHA induced a decrease of opercular deformities (Gapasin and Duray, 2001 ). Also, 321 highly unsaturated fatty acids may indirectly regulate some genes involved in skeleton 322 development during ontogenesis (Cahu et al., 2003) . Skeletal deformities are one of the 323 constraints to D. sargus farming and a frequency of 40% and the control group proves 324 it. Larvae fed the AA balanced diet were almost 50% less affected by deformities than 325 larvae fed live feed only and presented significant lower frequency of vertebral fusions 326 and no case of lordosis. This suggests dietary AA profile might have a role in normal 327 skeleton development. 328 329
In conclusion, this study shows that D. sargus larvae are still dependent on live feed in 330 order to obtain a high survival rate but when larval quality is concerned, 331 microencapsulated diets seem to promote higher larval quality. Larvae fed rotifers and 332
Artemia alone showed very low similarities to the larval AA composition. In contrast, 333 the microencapsulated diets balanced in AA used in this study produced larvae with 334 reduced skeletal deformities, higher DHA levels and lower nitrogen losses. Table 5 . Fatty acid profiles of Diplodus sargus larvae at 25 DAH fed with a balanced 512 diet, an unbalanced diet and a control diet (n=90 larvae per tank, three tanks per 513 treatment). Different letters represent significant differences for p ‹ 0.05. 
